Introduction
Plant breeding is defined as the art of crop improvement (Acquaah 2007) . Similar to the practice of an art, the availability of requisite tools and resources as well as the creative act of their combination to achieve identified objectives is critical. Adequate variability within the germplasm of the species is the most important resource needed to achieve breeding objectives in crop improvement programmes (Hawkes 1991; Rao and Hodgkin 2002) . Moreover, adequate knowledge of variability within germplasm collections (and the breeding systems itself) has important implications for conservation, management and future utility of germplasm resources (Rao and Hodgkin 2002) .
Molecular markers have emerged as power tools in the assessment of genetic variability relative to the conventional approach of using phenotypic descriptors because the former are independent of environmental factors (Agarwal et al. 2008) . The use of molecular markers to assess genetic diversity in landraces, breeding lines, varieties, wild relatives and mutant populations to aid breeding decisions in major crops such as rice (Oryza sativa L.) (Zhang et al. 2011; Choudhary et al. 2013) , maize (Zea mays L.) (Lu et al. 2011; Wen et al. 2012) , soya bean (Glycine max (L.) Merr.) (He et al. 2012 ) and cowpea (Vigna unguiculata (L.) Walp.) (Huynh et al. 2013) , is an important on-going component of their crop improvement. The significance of 'underutilized' crop species (also known as 'minor', 'orphan' or 'neglected') for global food security is gradually gaining the attention of the international research community and food security policy organizations (Jaenicke and Höschle-Zeledon 2006; Massawe et al. 2016) . Underutilized species exist mostly as landraces and wild collections due to decades of neglect by the scientific community (Williams and Haq 2002; Massawe et al. 2005; ). To fully harness their potential, knowledge of their breeding systems and genetic diversity within germplasm is important. One such important underutilized legume is Bambara groundnut (Vigna subterranea (L.) Verdc.) .
Bambara groundnut is a leguminous crop of African origin and mostly grown with limited inputs by farmers in the semi-arid tropics (Basu et al. 2007b; Massawe et al. 2002 Massawe et al. , 2007 . The desirable agronomic traits of Bambara groundnut such as yield potential (Berchie et al. 2010; BAMFOOD 2012) , nutritional composition (Brough and Azam-Ali 1992; Brough et al. 1993 ) drought tolerance and adaptations to marginal soils (Collinson et al. 1996; Mwale et al. 2007a, b) , N-fixation and soil fertility improvement (Kishinevsky et al. 1996; Dakora 1998; Herridge and Rose 2000; Herridge et al. 2008; Mohale et al. 2013) have been documented. The crop largely exists as landraces with few varieties developed through controlled breeding (Massawe et al. 2002; Basu et al. 2007b; Massawe et al. 2007) . Various landraces and wild type accessions of the crop are held in trust on behalf of the International community by a number of organizations (Table 1) . The ability to develop improved genotypes with desired phenotypic traits that meet the demand of various actors (especially farmers) could be very useful. A conceptual representation of the global germplasm of Bambara groundnut and its utility for crop improvement is presented (Fig. 1) .
The importance of using molecular technology to understand breeding systems and to assess genetic diversity within available germplasm collections of underutilized species to enable their effective utilization in breeding programme has been emphasized (Mayes et al. 2011) . Specifically for Bambara groundnut, the use of molecular markers to assess the level of inter-and intra-landrace polymorphism in collections of the crop has been noted as critical to enable their effective utilization in future breeding programmes (Massawe et al. 2005 (Massawe et al. , 2007 . Various approaches have been used to assess genetic diversity within the available germplasm of Bambara groundnut; phenotypic descriptors (Goli 1995; Olukolu et al. 2012; Aliyu and Massawe 2013; Molosiwa et al. 2015) , biochemical markers (Pasquet et al. 1999 ) molecular markers (Massawe et al. 2002 (Massawe et al. , 2003a Stadler 2009; Olukolu et al. 2012; Aliyu and Massawe 2013; Molosiwa et al. 2015) . A number of breeding objectives have been reported in Bambara groundnut (Massawe et al. 2005 (Massawe et al. , 2007 Aliyu et al. 2015) . In this regards, matching identified breeding objectives with reported diversity analysis to guide important breeding decisions (particularly selection of parental lines) becomes important. 'Next' generation breeding populations [such as multi-parent advanced generation inter-cross (MAGIC)] have appeared as strategic approaches to plant breeding in recent times (Nordborg and Weigel 2008; Kover et al. 2009; Jannink et al. 2010; Bandillo et al. 2013) . Specifically for Bambara groundnut, the importance of these 'next' generation breeding germplasm resources in achieving the identified breeding objectives within an integrated breeding framework has been highlighted . We aim to present a review of the past two decades of diversity analysis reports on Bambara groundnut global germplasm with particular emphasis on its implications for current and future crop improvement programmes.
The need for a specific molecular 'tool box' for Bambara groundnut Molecular markers have appeared as a power tools to aid and speed up plant breeding (Collard et al. 2005; Collard and Mackill 2008; Kesawat and Das 2009) . The recent advances in the next generation sequencing platforms have further strengthened our understanding of the genetics of important phenotypic traits both in the context of forward and in reverse genetics (Alonso and Ecker 2006; Rosenberg et al. 2010) . This has increased the efficiency and accuracy with which QTL and underlying candidate genes can be localised using high density markers and novel second/next generation germplasm resources. Against this backdrop, genomic assisted breeding is now a routine practice in the breeding programmes of some major crops. However, for most underutilized crop species, the lack of availability of large numbers of speciesspecific molecular markers is the main hindrance to applying genomic assisted breeding in their crop improvement programmes (Mayes et al. 2011) . Specifically for Bambara groundnut, some speciesspecific genomic resources have been reported; 10 SSR markers (Basu et al. 2007c) , 143 SSR markers (Beena et al. 2013) , 75 SSR markers (Mayes et al. 2013; Molosiwa et al. 2015) , 201 DArT Array markers (Stadler 2009; Olukolu et al. 2012; Molosiwa et al. 2015) , XSpecies (Affymetrix microarray) (Chai et al. 2013) . Through the African orphan crop consortium (http://africanorphancrops.org/), efforts are underway for sequencing of Bambara groundnut to produce a genome sequence draft, alongside an effort to re-sequence 100 inbred lines of Bambara groundnut. For this, the following points are worth emphasizing.
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(1) Specifically for the re-sequencing exercise, the ability to use a representative sample that captures (as far as possible) the available global germplasm diversity of the crop would be important for downstream gene annotation and functional genomic analysis. Moreover, ensuring that the inbred lines that have been sequenced are generally available to researchers and through germplasm banks is an important step to begin to embed genomics into breeding programmes. However, the lack of efficient characterization of the global germplasm remains a key challenge.
(2) Specifically for molecular markers, while those developed now represents a good start, in terms of numbers, these are small set to enable efficient genome analysis. To fully deploy genomic assisted breeding in Bambara groundnut crop improvement programmes, more species-specific marker system with substantial wider genomic coverage will have to be developed.
Overview of qualitative and quantitative phenotypic diversity in Bambara groundnut germplasm
Research focusing on inter and intra-landrace variation for phenotypic descriptors (either as an independent study or as part of a broader characterization of germplasm) has been extensively reported in Bambara groundnut (Goli 1995; Karikari and Tabona 2004; Ntundu et al. 2006; Ouedraogo et al. 2008; Abu and Buah 2011; Olukolu et al. 2012; Touré et al. 2012; Aliyu and Massawe 2013; Shego et al. 2013; Molosiwa et al. 2015) . While most of these reports have been largely country specific, a few have a global germplasm diversity perspective (including landraces from the major agro-ecologies across Africa and Southeast Asia; Goli 1995; Olukolu et al. 2012; Molosiwa 2012; Molosiwa et al. 2015) . The standard descriptors for Bambara groundnut [International Plant Genetic Resources Institute/International Institute of Tropical Agriculture/The International Bambara groundnut Network (IPGRI/IITA/BAMNET 2000)] have been used as guidelines in these phenotypic characterization exercises. Qualitatively, the guidelines capture the following indexes; growth habit, terminal leaflet shape, colour of fully expanded terminal leaflet, stem hairiness, photoperiodic reaction, dark pigmentation on wings and banner, pod shape, pod colour, pod texture, seed shape and seed colour/pattern. Across the various reports, the dominance of specific phenotypic traits among the collections of germplasm analysed have been highlighted (Table 2) .
To the best of our knowledge, no report involving relatively a larger landrace characterization has included photoperiodic reaction, stem hairiness and Pigmentation on wings and banner in the analysis of quanlitative traits in Bambara groundnut. Specifically for Photoperiodic reaction, this could be because a high throughput phenotyping protocol does not exist. Moreover, a highly controlled environment is needed for such phenotyping in most ecologies (especially in the tropical regions where natural day length variation is limited). However, studies focusing on photothermal response mechanisms in Bambara groundnut have been reported (Linnemann 1991; Linnemann et al. 1995; Brink 1997 Brink , 1999 Brink et al. 2000; Jørgensen et al. 2009; Kendabie et al. 2014) . The opportunity to use molecular markers linked to QTLs associated with photo-thermal response could be useful in future germplasm characterization. While Aliyu and Massawe (2013) included Petiole Pigmentation (relative simple and easy to score phenotypic marker) in their analysis, it is not listed in the standard descriptor for Bambara groundnut (IPGRI/IITA/ BAMNET 2000).
A number of quantitative phenotypic traits have been listed in the standard descriptor set (IPGRI/IITA/ BAMNET 2000) for Bambara groundnut and some have been extensively reported (Ntundu et al. 2006; Ouedraogo et al. 2008; Abu and Buah 2011; Olukolu et al. 2012; Jonah et al. 2012; Aliyu and Massawe 2013; Shego et al. 2013; Molosiwa et al. 2015) . Olukolu et al. (2012) reported floral quantitative data, (2015) Ntundu et al. (2006) Goli ( some components of which were not listed in the IPGRI/IITA/BAMNET (2000) descriptors (namely, banner/flag petal length, wing length, gap between the banner and wing tips, ratio of banner to wing lengths, peduncle length, and pedicel length). In general, floral descriptors (both quantitative and qualitative) are poorly captured during germplasm characterization in the various reports. Studies focused on the proximate analysis of Bambara groundnut seed have often been reported (Brough et al. 1993; Ojimelukwe 1998; Omoikhoje 2008; Sirivongpaisal 2008; Nti 2009; Abdulsalami and Sheriff 2010; Mahala and Mohammed 2010; Mazahib et al. 2013) . However, to the best of our knowledge, no single characterization exercise on Bambara groundnut germplasm has reported on the full nutrient composition of seed (fat, protein and carbohydrate content or any mineral and nutrient variation) of a relatively large landrace collections.
Comparative analysis of quantitative phenotypic diversity studies in Bambara groundnut germplasm and its implication for crop improvement programmes
We performed a comparative analysis using mean values of phenotypic traits reported in selected reports during Bambara groundnut characterization exercises. Two main criteria for selection were; reports that used comparatively greater genotypes (C100 cumulatively in their analysis) and/or their choice of landraces have a broader geographical origin and included genotypes from major agro-ecologies where Bambara groundnut is grown. Based on these criteria, four reports (Goli 1995; Ntundu et al. 2006; Olukolu et al. 2012; Molosiwa 2012) were selected (Table 3) . Comparatively, these studies also reported more phenotypic descriptors in their analysis. In our comparative analysis, where a particular report involved different data set (population samples) based on location of evaluation (Molosiwa 2012) , or different data set based on categorization of landraces/accessions according to known geographical origin (Olukolu et al. 2012) , the mean values of each of these dataset (samples or sub-populations) were included as a separate replicates. Data was subjected to statistical analysis in Genstat (17th edition, VSN International). Analysis of variance (ANOVA) using the generalized linear regression model was used to test for significant differences of phenotypic traits across the different reports. Correlations between individual phenotypic traits were explored, Shannon-Weaver diversity index was calculated, while Principal Component Analysis (PCA) was used to deduce the relative importance or contribution of the individual phenotypic traits to the total phenotypic variability.
From the linear regression model results, only three phenotypic traits (shelling percentage, peduncle length and number of seeds per pod) showed statistically significant linear relationship across the different mean values or datasets (Table 4) . Coefficient of variation ranged from 1.2 % (for seed length) to 33.3 % (for 100 seed weight) across the phenotypic traits analysed (Table 4 ). The Shannon-Weaver diversity index ranged from 1.604 for shell thickness to -2.079 for seed length across the phenotypic traits (Table 4) . The PCA based on a correlation matrix revealed that 56.13, 33.29 and 10.53 % of the total variation is accounted for by PC1, PC2 and PC3 respectively. In PC1, the first ten traits with the highest vector loading values in descending order are; seed width, terminal leaflet width, days to 50 % flowering, canopy width, petiole length, seed length, shell thickness, internode length, days to maturity and plant height. For PC2, the first ten traits with the highest vector loading values in descending order of importance are; number of leaves per plant, pod length, 100 seed weight, days to maturity, seed length, internode length, number of pods per plant, terminal leaflet width, days to 50 % flowering and number of stems per plant. While in PC3 the following ten traits in descending order had higher vector loading values; number of stems per plant, pod length, days to 50 % flowering, petiole length, number of seeds per pod, peduncle length, canopy width, internode length, shelling percentage and days to maturity. The results of the correlation analysis revealed some interesting relationships across the various phenotypic traits (Table 5) .
The diversity index (Shannon-Weaver) recorded in our comparative analysis (1.604-2.079) is comparatively higher than those reported by the individual studies (Olukolu et al. 2012; Molosiwa 2012) . It is worth noting that except for the report of Ntundu et al. (2006) where landraces mostly consisting of Tanzanian origin were used, the three other reports (Goli 1995; Olukolu et al. 2012; Molosiwa 2012) had either all or a substantial part of the landraces used in their study being a subset of the collection held at IITA. Against this backdrop, it may be reasonable to assume that the phenotypic diversity in our comparative analysis should not depart significantly from those reported earlier (Goli 1995; Olukolu et al. 2012; Molosiwa 2012) . The possible explanations to this departure could be; (1) either the individual reports analysed substantially different samples of the same IITA collection, (2) there is significant intra-landrace variability (3) or there is a large environmental influence in the trait expression. The first two scenarios points to the likely existence of substantial phenotypic variability in Bambara groundnut germplasm. Worthy of emphasis is the high variability of 100 seed weight (CV of 33.3 %) in our comparative analysis which suggest a positive outlook for achieving the breeding objective of improving grain yield. However, it should be kept in mind that yield is a complex trait which may have significant environmental components, suggesting poor heritability. The result of our PCA shows that most of the twenty phenotypic traits in our comparative analysis have importance with respect to germplasm characterization and diversity analysis in Bambara groundnut. Phenotypic traits related to growth and development in Bambara groundnut have significant variation and to different extents account for variability among landraces (Ntundu et al. 2006; Olukolu et al. 2012; Aliyu and Massawe 2013; Molosiwa et al. 2015) . Worthy of emphasis in the present analysis is the fact that The results of the correlation analysis provides context for integrated plant breeding (with a particular emphasis on crop ideotype development, analysis of photosynthetic efficiency via resource capture and utilization). These correlation models have direct/ indirect implications for achieving breeding objectives. There is a strong negative correlation among the following phenotypic traits; canopy width and 100 seed weight, plant height and 100 seed weight, seed per plant and canopy width, pods per plant and canopy width, 100 seed weight and terminal leaflet length. This could give an indication of significant competition for photosynthetic assimilate between vegetative growth and reproductive sinks (pod initiation, and pod filling). Juxtaposing the above correlation models with the reports that Bambara groundnut is largely indeterminate with respect to growth and development (Linnemann 1993; Brink 1999; Mwale et al. 2007a ) puts a spotlight on certain critical implications for photosynthetic efficiency, source-sink relationships, (partitioning of photosynthate), harvest index and the overall objective of grain yield improvement in an integrated breeding framework. There is strong positive linear correlation among the following phenotypic traits; days to 50 % flowering and seed width, days to 50 % flowering and seed length, days to 50 % flowering and days to maturity, days to maturity and seed length among others. This gives an indication that yield components could be a direct linear function of days to physiological maturity. This could imply that the objective of shortening physiological maturity in Bambara groundnut may happen with a certain level of trade-off with grain yield. However, the apparent negative relationship between seed per plant and days Table 5 The results of correlation analysis of quantitative phenotypic traits to maturity in the current analysis makes this inconclusive. In general, the direct linear relationship of physiological maturity and grain yield which necessitate a trade-off between the two objectives in breeding programmes is reported (Ndjeunga et al. 2008; Dugje et al. 2009a, b; Ndjeunga et al. 2010 ).
The following points are worth emphasizing.
(1) There seems to be high level of phenotypic diversity in the Bambara groundnut germplasm. (2) Specifically, on the correlation models and its implications for crop improvement programmes, a much larger data sets need to be generated to help make conclusive predictions. (3) Within the context of an integrated breeding framework in general, the issue of indeterminacy, source-sink relationships (competition for assimilate between vegetative and reproductive parts), trade-offs between grain yield and time to physiological maturity, are among some of the important 'competing' breeding decisions/objectives. (4) A trait such as photoperiodic response (included in the standard descriptors) is highly unrealistic to phenotype under field conditions during germplasm characterization because highly controlled conditions are needed. However, there is no reason why simple and easy to phenotype traits such as petiole colour cannot be included in the standard descriptors. In this regard, the standard descriptors for Bambara groundnut (IPGRI/IITA/BAMNET 2000) need to be revised based on current knowledge to make it more relevant for phenotyping and aid effective scientific communication.
Genetic diversity, population structure analysis and its implication for crop improvement programmes Molecular genetic diversity analyses have been used to aid breeding decisions and germplasm conservation agenda in crop species (Choudhary et al. 2013; Huynh et al. 2013) . Specifically for Bambara groundnut, various molecular analyses of diversity have been reported to either argument or validate the various reports based on phenotypic descriptors (Table 6 ; Pasquet et al. 1999; Massawe et al. 2003a Massawe et al. , 2002 Olukolu et al. 2012; Aliyu and Massawe 2013; Mayes et al. 2013; Molosiwa et al. 2015) . The earliest report of diversity analysis at the molecular/cellular level in Bambara groundnut includes the report of Pasquet et al. (1999) . In an analysis of 79 domesticated landraces of Bambara groundnut and 29 wild relatives at 41 isozyme loci, Pasquet et al. (1999) concluded that the wild relative is the true progenitor of the former based on the high level of genetic similarities. Pasquet et al. (1999) confirmed the report of Howell (1990) that the overall level of isozyme diversity in Bambara groundnut is low. Despite the low heterozygosity among both wild and domesticated landraces, intra population genetic diversity among the domesticated landraces is high and this may be due to the autogamous breeding system of the crop (Pasquet et al. 1999) . In summary, reports on genetic diversity analysis using molecular markers include; RAPD (Amadou et al. 2001; Massawe et al. 2003a; Rungnoi et al. 2012) , AFLP (Massawe et al. 2002; Singrt‹ n and Schenkel 2003; Ntundu et al. 2004) . Microsatellite (Olukolu et al. 2012; Somta et al. 2011; Aliyu and Massawe 2013; Molosiwa et al. 2015) , DArT Array markers (Olukolu et al. 2012; Stadler 2009; Molosiwa et al. 2015) . In all these analyses, a high level of allelic diversity (both inter and intra) have been highlighted. In most of these reports, the clustering of landraces/ genotypes based on known geographical location of origin have been reported (Amadou et al. 2001; Massawe et al. 2002; Singrt‹ n and Schenkel 2003; Ntundu et al. 2004) . For example, the Central African accession and the East African accession were grouped separately but each mergers with the West Africa accessions (Rungnoi et al. 2012) . Structure analysis revealed two main clusters with all the landraces belonging to subpopulation one while only thirteen landraces belongs to the subpopulation two (Rungnoi et al. 2012 ). Based on these findings Rungnoi et al. (2012) concluded that all 363 landraces analysed may belong to the same population structure and that West Africa (including the Cameroon/Nigeria area) is the centre of diversity/domestication of Bambara groundnut. The crop may have reached Southeast Asia (Thailand) from West Africa via East Africa (Rungnoi et al. 2012) . In generic terms, the West-Central African accession and the South-Eastern African accession are always clustered separately during molecular analysis (Stadler 2009; Somta et al. 2011; Rungnoi et al. 2012; Molosiwa et al. 2015 ). The Table 6 Selected reports on genetic diversity analysis of Bambara groundnut germplasm involving high number of markers and/or landraces whilst having wider geographical opinion that genotypes from West African have high gene diversity has been expressed (Somta et al. 2011; Molosiwa 2012) . For crop improvement programmes with an integrated breeding objective(s) the following points are worth emphasizing. (1) There is evidence for high levels of allelic diversity in Bambara groundnut germplasm across genotypes (inter and intra landrace) and across geographical origin (Stadler 2009; Somta et al. 2011; Rungnoi et al. 2012; Molosiwa 2012) . The power of heterosis/hybrid vigour could be harnessed in breeding programmes for variety development. (2) The high level of intra-landrace allelic diversity reported gives an indication that farmer selection criteria/pressure may have resulted in collections of landraces exhibiting uniformity for certain agronomic traits (at the phenotypic level) albeit genetically different. This may have been necessitated by the desire for a certain level of uniformity for the purpose of synchronization of farm operations within the various cropping system in which Bambara groundnut is cultivated. (3) Based on the various reports indicating high allelic diversity, low observed heterozygosity and high inbreeding coefficient, a single landrace could be considered as an 'unselected cultivar/variety' (Molosiwa et al. 2015) . This could lead to 'short circuiting' of breeding with just few rounds of single seed/plant selection, enough to purify landraces for variety development (Mayes et al. 2013; Aliyu et al. 2015; Molosiwa et al. 2015) . This present an opportunity to explore various short to medium term strategies for variety development in breeding programmes ( Fig. 2 ; Aliyu et al. 2015) .
Population structure and centres of crop domestication
The unanimity on Africa as the geographical origin of Bambara groundnut has been extensively reported (Dalziel 1937; Hepper 1963; Begemann 1988; Goli 1995; Basu et al. 2007a, b, c) . Despite this unanimity, the specific place of domestication has sometimes been a subject of disagreement (Basu et al. 2007a, b, c) . The generally acceptable common name of V. subterranea as 'Bambara groundnut' is linguistically linked to the Bambara tribe (a derivative of the Mandé group of languages/people) whose descendants now live mainly in modern day Mali. The Vavilov (1926) concept of crops domestication is based on the theory that the centre of domestication is tightly linked to the location where diverse relatives including ancestral relatives (its immediate wild relatives) are found. In recent times, the opinion that centre of domestication and centre of diversity could be mutually exclusive has gained some level of acceptance (Harlan 1971) . From a breeding perspective, centres of diversity are of more of 'economic values' than centres of domestication. Areas such as Sudan have been suggested in the past as putative centres of domestication of Bambara groundnut (Jacques-Fe'lix 1946 , 1950 . Wild relatives of V. subterranea are reported to be localized around the Jos Plateau and Yola in Nigeria, to Garoua in Cameroon and probably beyond (Dalziel 1937; Hepper 1963; Harlan 1977; Goli 1995; Basu et al. 2007a, b, c) . Generally, this region has been accepted as a putative centre of domestication of V. subterranea (Dalziel 1937; Hepper 1963; Harlan 1977; Goli 1995; Basu et al. 2007a, b, c) .
The diversity analysis reports on Bambara groundnut generally all point to the West African accessions (including those from Jos Plateau and Yola in Nigeria, to Garoua in Cameroon) as more diverse hence a likely geographical location where domestication of the crop may have occurred (Hepper 1963; Begemann 1988; Pasquet et al. 1999; Olukolu et al. 2012 ). In contrast, Somta et al. (2011) reported that gene diversity was higher in accessions from Burkina Faso than Cameroon/Nigeria. Somta et al. (2011) asserted that there has been no report of wild relatives of Bambara groundnut found anywhere in Burkina Faso. However, Somta et al. (2011) cited the report of Albert et al. (2000) of rare possible archaeological evidence of the crop at Oursi site in Burkina Faso (dating back 1800 before present) and hypothesized that areas around Burkina Faso may be the more accurate place of domestication of Bambara groundnut. Generally, conclusions that the East African accessions are derivatives of the West African accession (based on cluster patterns) have been reported (Olukolu et al. 2012; Somta et al. 2011) . Rungnoi et al. (2012) confirmed West Africa as the centre of domestication of Bambara groundnut with the hypothesis that the crop may have reached Southeast Asia (Thailand) from West Africa via East Africa.
In recent analyses of relatively larger numbers of genotypes and relatively with higher marker density; Stadler 2009 (635 DArT markers on 342 individual landrace accessions) and Molosiwa et al. 2015 (68 SSR and 201 DArT markers on 123 individual landrace accessions) both reported two major subpopulations based on marker fingerprinting patterns (Fig. 3) . These two sub-populations are West and Central African cluster (hereafter considered as subpopulation one) and South and East African cluster (hereafter considered as sub-population two). Together, these two reports (Stadler 2009; Molosiwa et al. 2015) are making a strong case for the likely existence of two distinct gene pools in Bambara groundnut.
Generally, West Africa (specifically the Jos Plateau and Yola in Nigeria, to Garoua in Cameroon) has been strongly proposed as the main putative centre of domestication of Bambara groundnut (Dalziel 1937; Hepper 1963) . A call for re-evaluation of this theory/ hypothesis based on emerging new genetic data (Stadler 2009; Molosiwa et al. 2015) could be prudent and worthwhile. In this regards, proposals for the following hypothesis would not be farfetched; (1 Fig. 2 Conceptual framework of genetic diversity and population structure analysis of Bambara groundnut global germplasm and its utility for variety development and genetic analysis within an integrated crop improvement framework interactions of selection pressures (environment factors, farmer preferences and natural mutations) may have significantly altered the gene pool of the introduced Bambara groundnut from their original West African ancestors. (2) That the Southern African region could potentially be a secondary centre of domestication for the crop. These two domestication events may have occurred concurrently or over different time and space in a multi-cultural and multi-regional fashion. The effect of selection pressure based on the first hypothesis is a complex scenario that might need detailed long term empirical evidence to prove. The few current reports do not seem to point to significant differences in phenotypic traits preferences across geographical regions which might significantly impact on selection pressure (Abu and Buah 2011; BAMFOOD 2012; Pungulani et al. 2012) . However, the occurrence of such differences some time in history is an issue that may need to be investigated further. In general, the effects of variables in the first hypothesis (environment, farmer preferences and natural mutations) and their effect on selection pressure and gene pool organisation of Bambara groundnut germplasm are beyond the scope of this review.
The scenario in the second hypothesis has to be viewed within both inter and intra genera context in a comparative analysis fashion. Advances in genomics have changed our understanding of how genomes are organized and it is opening paradigms of new hypothesis on crop domestications (Gepts 2014) . Generally, for most crops species, but more specifically cereals, new genetic data are revealing that contrary to the long held view of the uniquely geographically localized nature of domestication; rather most of these events occurred simultaneously in a multi-regional fashion (Brown et al. 2009 ). Specifically, for Bambara groundnut domestication, a comparative analysis with other native African Legume, most appropriately cowpea, will present a contextual framework. Recently, new genetic data on cowpea (Huynh et al. 2013 ) contradicted previously held hypothesis on domestication of the crop. Huynh et al. (2013) in their analysis point to two distinct gene pools of Western and Eastern African sub-populations (each more closely related to the wild relatives natives in the respective regions). Contrary to the general belief that cowpea and sorghum occupy the same agro-ecology and often intercropped historically; therefore it may have followed single domestication event of Westward to Europe (via Middle East), Huynh et al. (2013) concluded that two divergent domestication events namely Western and Eastern Africa may have occurred.
Conclusion
Our conceptual framework of genetic diversity and population structure of global Bambara groundnut germplasm and its utility in the context of crop improvement is presented (Figs. 1, 2) . In general, research on underutilized species lack consistency and coordination often times leading to duplication of elementary level data. While this may be the case for some of the diversity studies conducted in Bambara groundnut, the following reports (Goli 1995; Singrt‹ n and Schenkel 2003; Olukolu et al. 2012; BAMFOOD 2012; Molosiwa et al. 2015; Stadler 2009 ) have some level of importance. In conclusion, the following points are worth re-emphasizing. (1) While the level of phenotypic diversity in Bambara groundnut is clearly reasonable, there is evidence for substantial diversity at the allelic level to support improvement programmes. (2) Based on this new emerging data (Stadler 2009; Molosiwa et al. 2015 ) a call for reevaluation of the Bambara groundnut current domestication theory/hypothesis will be worthwhile. The possibility that the Southern African region might constitute a divergent and simultaneous or different time-spaced domestication event (aside West Africa) needs further examination. (3) The standard descriptor for Bambara groundnut (IPGRI/IITA/BAMNET 2000) needs to be revised based on the current knowledge of the crop to aid effective scientific communication.
